Introduction
To conduct safe and effective cell therapy, the quality control of cultivated cells is important. To assay cell activity, the oxygen consumption rate has been monitored as a typical parameter of cellular metabolism [1] . As an attempt to shift the paradigm from the "dish-level" to "cell or colony-level" monitoring of cells, a microwell array chip integrated with an oxygen sensor [2] was previously reported. Unfortunately, however, the microwell array chip is not a desirable format for the practical handling or cultivation of adhesive cells. To resolve this issue, we have developed an attachable/detachable oxygen sensor microaray sheet that has good compatibility with standard cell cultivation on culture dishes and microplates.
Device design and fabrication
Figures 1(a), (b) and (c) respectively show a schematic diagram, photograph and bright-field microscopic image of the developed sensor sheet. The sheet comprised an ethylene-vinyl-alcohol (EVOH)/ polydimethylsiloxane (PDMS) double layer and an array of concave structures (φ 100 μm and 50 μm depth), which contain a 1-μm-thick oxygen-sensitive platinum phosphor layer at their bottoms. During measurement, the sheet is attached onto the bottom of a culture dish to form a temporally closed microspace around the target cells, hence making it possible to evaluate the oxygen consumption within a short time. The oxygen sensor layer was made of the phosphor, platinum octaethyl porphine (PtOEP) mixed into polyethyrene, an oxygen-permeable polymer [3] . In contrast, EVOH is impermeable to gases ensuring a tight seal during the measurement.
The sensor sheet was fabricated in three steps (Fig.2) . First, a 100-μm-thick EVOH film was laminated onto a PDMS sheet, which was followed by the spin-coating of PtOEP/polystyrene. Subsequently, a silicon micromold was embossed onto the layered polymer under optimized conditions, typically at a temperature of 130 o C and a force of 10 kN, to form convex microstructures with a phosphor sensor layer self-aligned at their bottoms. Finally, the residual phosphor layer outside the convex features was peeled off to obtain the sensor sheet. Thus, this sensor can be produced at a low cost with high productivity. A change in oxygen concentration in the vicinity of cells can be evaluated by measuring the phosphorescence lifetime. In the presence of oxygen, the lifetime is shortened as a result of quenching by the collision of oxygen molecules with the phosphor which deactivates the excited triplet state. 
Oxygen consumption measurement
The measurement setup is shown in Fig. 3 . A cultivation dish was set in a compact cell incubator mounted on a microscope. A pulsed UV laser (375 nm) was used to excite PtOEP. The decay time of phosphorescent emission λ>650 nm was measured using a photomultiplier.
Prior to cellular measurement experiments, calibration of the phosphorescence lifetime versus oxygen concentration was conducted (Fig. 4) . The phosphorescence lifetime and dissolved-oxygen concentration exhibited a linear relation in accordance with the Stern-Volmer equation. Finally, cellular measurement was conducted by attaching the sensor sheet on MCF7 breast cancer cells cultivated on a petri dish as from which shown in Figs. 5(a) . The linear decrease in oxygen concentration was successfully measured as plotted in Fig. 5(b) , from which the rate of consumption was derived to be 1 mg/Ls. 
Conclusions
In this paper, we firstly report the design and fabrication process of an oxygen sensor microarray sheet that has been developed for in situ and spatiotemporal monitoring of the oxygen consumption of cultivated cells. The sensor sheet comprised an array of convex microstructures and an integrated oxygen-sensitive phosphor layer on the flexible polymer surface, and was fabricated by a self-alignment hot-embossing-based method. A notable advantage of this device is its good compatibility with practical cell cultivation formats. Although, by constructing optical measurement system, we succeeded in a measurement of oxygen consumption of a small group of cells on culture dish. The present technology is further extendable to other type of extracellular analyte sensing such as pH, CO 2 , and NO by incorporating different phosphor materials as the sensing layer. (2000) [2] T. Molter, et al., Sensors and Actuators B. 135(2009) [3] K. Montagne et al., Photochem. Photobiol. Sci.,8(2009) 
References

